INTRODUCTION {#sec1-1}
============

Osteogenesis imperfecta (OI) or brittle bone disease considered as a genetically heterogeneous connective tissue disorder which is characterized by bone fragility and thus repeated bone fractures.\[[@ref1][@ref2]\] Consequently skeletal deformities may arise as a result of reduced bone mass and frequent bone fractures.\[[@ref3]\] The incidence of OI varies between 6 and 20 in 100,000 newborns and its prevalence is 4-10 in 100,000 individuals.\[[@ref4]\] According to Sillence,\[[@ref5]\] OI is classified based on clinical, genetically, and radiographic features in four groups \[[Table 1](#T1){ref-type="table"}\]. Type I is a mild form of OI. Type II is the lethal form of OI, even during the prenatal and perinatal period. Type III patients show progressive limb deformation. Patients with type IV of OI are those who show moderate to severe phenotypes and do not fit into any of the first three categories. Some of them demonstrate heterogeneous features, which are not even according to Sillence\[[@ref6]\] classification. There are three other new but uncommon types of OI. Hence, patients affected by these types do not demonstrate DI and blue sclera;\[[@ref6]\] OI types V-VIII are called syndromes resembling OI.\[[@ref7]\]

A reduction in collagen type I synthesis results in type I of OI, while quantitative or qualitative alterations in type I collagen leads to types II, III, and IV. Therefore all tissues rich in type I collagen may be affected in these patients as a result of impaired collagen synthesis. Some clinical signs and symptoms may arise including DI, blue sclera, hearing loss, growth deficiency, and joint laxity.\[[@ref2][@ref7][@ref8]\]

Dentinogenesis imperfecta (DI) has been reported in more than 50% of patients suffering from OI.\[[@ref9]\] DI is a hereditary disorder of dentin formation, which exhibits mostly an autosomal dominant (AD) trait.\[[@ref10]\] Although DI type I is the oral manifestation of deficient collagen formation and is mainly associated with OI, DI types II and III are related to a mutation in the dentin sialophophosphoprotein (DSPP) gene.\[[@ref10]\] Primary and permanent dentitions are both involved in DI type I, though primary teeth are more severely affected.\[[@ref2]\] The most common clinical manifestations in teeth with DI are teeth discoloration (gray/opalescent, yellow/brown) and enamel fracture.\[[@ref2][@ref11]\] Radiographically, the crowns are bulbous as a result of significant cervical constriction, roots are short, and the dentin is defective although normal enamel in thickness and density exists.\[[@ref2]\] All of the three types of DI demonstrate similar changes in dentin structure microscopically.\[[@ref2]\] Normal mantle dentin, irregular circum pulpal dentin with abnormal dentinal tubules, and some atubular areas are evident in the histological study.\[[@ref2]\]

Midface hypoplasia, CL III malocclusion, unilateral or bilateral crossbite, ectopic eruption of the first or second permanent molars and missing of second premolar are more prevalent in these patients. However, their dental development is age appropriate.\[[@ref8]\]

According to Brustein\[[@ref12]\] the mortality rate during infancy period was 70-80% and showed a reduction during puberty. However, women after menopause and men after the fifth decade of their life exhibit exacerbated symptoms.\[[@ref13]\] Physical therapies will improve their muscle strength and functional skills and minimize deformation.\[[@ref7]\] IV administration of pamidronate for these patients inhibits osteoclast activity by osteoclast apoptosis and preventing osteoclast formation.\[[@ref7]\] This will lead to increased bone thickness and bone strength and finally decreased fracture incidence.\[[@ref7]\]

Because of the numerous and severe skeletal and dental abnormalities occurring with OI, dental treatment is challenging for both patient and dentist. Being informed about the possible complexities encountering during the dental treatment for these children will help the dentist to manage their oral or dental problems. Therefore, the aim of this study was to describe the characteristics of OI, its oral and dental manifestations from a clinical, radiographic, and pathologic point of view by presenting a case.

CASE REPORT {#sec1-2}
===========

A 5-year-old Iranian boy was referred to the Pediatric Department of Dental School, Shahid Beheshti University of Medical Sciences in 2010. According to the medical records he had experienced a vertebral fracture when he was just 20 days old. Taking skeletal radiography at that time revealed that also a femoral fracture occurred at birth. The patient\'s family history showed that his parents (mother, 27 and father 35 years old) were not related. Based on his medical and radiographic results, the diagnosis of OI was made, and intravenous pamidronate for every 4 months followed by daily use of calcium syrup was prescribed. Following numerous bone fractures due to poor muscle coordination at the toddler age and the bone fragility in these patients (two and eight times in the left and right femur, respectively) intramedulary rods were inserted within the right and left femurs at the age of 2.5 and 3.5 years accordingly. [Figure 1](#F1){ref-type="fig"} shows the left femur with the rod inside and the bowing in the right femur at the age 5, as intramedulary was removed due to the successful recovery.

![Bone deformity and the inserted rod in right and left femoral bone, respectively](DRJ-9-489-g001){#F1}

Despite the abnormal physical development, the patient was mentally normal. Clinical examinations demonstrated limited mobility, short stature, bowing of the long bones, shortness of the neck, protuberance of the sternum, and relative macrocephaly. Due to these clinical signs and symptoms and the absence of hearing loss, according to OI classification \[[Table 1](#T1){ref-type="table"}\], the patient was diagnosed with type IV of OI. In the frontal view, the patient\'s face seemed symmetrical and hypoplasia of the maxilla and thus the CL III profile was evident \[[Figure 2](#F2){ref-type="fig"}\]. Also there was posterior cross in the intraoral examination \[[Figure 3a](#F3){ref-type="fig"}\].

###### 

Features of osteogenesis imperfecta types I-IV\[[@ref5][@ref7][@ref14][@ref15]\]

![](DRJ-9-489-g002)

![Sagittal view of patient\'s face](DRJ-9-489-g003){#F2}

![Intraoral view. (a) Frontal view of the occlusion. (b) Occlusal view of the upper arch. (c) Occlusal view of the lower arch after placement of space maintainers. (d) Enamel disintegration on the right upper canine (a lateral view)](DRJ-9-489-g004){#F3}

Intraoral examinations showed yellow/brown discoloration in all primary teeth, with severe attrition on the lingual and vertical cracks on the labial side of the upper and lower anterior teeth. Moreover, enamel disintegration was evident on the buccal surface of the canines \[Figure [3b](#F3){ref-type="fig"}--[d](#F3){ref-type="fig"}\].

Owing to the uncooperative behavior of the patient all the required dental treatments were performed under general anesthesia. The following treatment procedure was carried out prior to his attendance in our clinic: (a) Extraction of 64, 74, and 84. (b) Pulp therapy of 54, 55, 63, 65, 75, and 85 restored with stainless steel crowns or composite resins. (c) Composite resin restoration for 53, 63, and 73 \[[Figure 4](#F4){ref-type="fig"}\]. Strict recommendations have been made by the operating team, for immediate space maintenance in the extraction areas. However, the patient was referred 4 months after the extensive dental treatment to the Pediatric Department of Shahid Beheshti University of Medical Sciences (Tehran, Iran). At the first visit a arch space available was evaluated and two band and loops were placed in the lower jaw to preserve the space of two extracted first primary molars. The upper jaw received a bonded facemask to stimulate the maxillary growth \[[Figure 5](#F5){ref-type="fig"}\]. Radiographically, no pulp obliteration was observed and the bulbous appearance of the posterior teeth was masked by the full coverage of the crowns.

![Panoramic radiography. Note the hypotrophic dentin and hypoplastic enamel on the first permanent molars](DRJ-9-489-g005){#F4}

![The patient received a face mask to stimulate the maxillary growth](DRJ-9-489-g006){#F5}

By the age of 6, the mandibular central incisors and first permanent molars appeared in the mouth. Despite the lingual eruption of incisors, these teeth demonstrated no enamel or dentin defects or discolorations. However, enamel hypoplasia was evident in first permanent molars \[[Figure 3c](#F3){ref-type="fig"}\], which was restored with composite resins immediately after eruption. The loose primary central incisors were removed and placed in a formalin 10% solution (Merck, Germany) for 24 hours. Then the teeth were prepared for histological examination under a steromicroscope (X400) (Nikon, USA): Following the decalcifying procedure by formic acid 10% for 6 weeks, the samples were sectioned, stained by Hematoxilin Eosin and observed by a light microscope.

Histologic examination showed an irregular periodic dentinogenesis, with numerous globular and interglobular dentin. Stereomicroscope evaluations exhibited a few disorganized tubular structures with an increased caliber, which was more prominent in circumpulpal dentin compared to the mantle dentin. The dentino-enamel junction (DEJ) mostly demonstrated an irregular scalloped appearance, although in some locations a straight smooth DEJ was also obvious. In certain regions in the middle third of the sectioned teeth the dentin was lost. Active odontoblasts in pulpal tissue were attributable to the normal physiologic exfoliative stage \[Figure [6a](#F6){ref-type="fig"}--[d](#F6){ref-type="fig"}\].

![Microscopic view of the sectioned tooth, (a) Periodic irregular dentinogenesis, (b) Dentin detachment, (c) Dentinogenesis with a globular pattern, (d) Interglobular pattern](DRJ-9-489-g007){#F6}

DISCUSSION {#sec1-3}
==========

OI is a rare hereditary entity, diagnosed by disordered collagen formation and bone fragility. The disease is usually inherited as an AD trait, although recently mutations are also reported in some cases.\[[@ref16]\] Our patient showed no family history of OI, so it may be assumed that it may be an AD trait with an incomplete penetrance or a new genetic mutation. However, because of the distinctive signs and symptoms, the early diagnosis of OI was made and further genetic assessments were unnecessary.

This patient showed repeated fractures in vertebral and femoral bones early in the life. Deformity and bowing in the long bones particularly in femur was obvious. According to Sillence,\[[@ref5]\] these features are indicative for OI type IV. Although types IV and I of OI are similar in some ways, this patient did not experience prolonged bleeding, bone pain or heart problems, the less extraskeletal abnormalities, and more severe osseous involvements are investigative for type IV of OI.\[[@ref14]\]

All patients suffering from OI display short statures as observed in this case. Relative macrocephaly due to the short size of the body and mid-face hypoplasia with a normal mandibular length resulting in posterior cross bite was similar to that described by O'Connell and Marini.\[[@ref8]\] They described that the existing malocclusion in these patients is attributed to the disfigured dentoalveolar complex and the abnormal location, size, and weight of the head.\[[@ref1]\] Schwartz and Tsipouras reported a prevalence of 75% for CL III malocclusion and 65% for posterior crossbite in OI patients.\[[@ref1]\]

Dentiogenesis imperfecta (DI) has been noted in 80% of OI types III and IV.\[[@ref8]\] According to DI classifications this patient was assigned to DI type I, as the other two types of DI merely demonstrate dental signs and do not accompany with any type of OI.\[[@ref17]\] Intraoral examination of this boy revealed yellow/brown discoloration of the primary teeth and a normal appearance in permanent anterior teeth. This is consistent with the fact that primary dentition is usually more affected by DI than permanent dentition.\[[@ref8]\] Moreover, yellow/brown discoloration of affected primary teeth is more prevalent than gray discoloration, stated by Majorana *et al*.\[[@ref2]\] However, as extensive attrition and enamel fractures occurred more frequently in yellow/brown primary teeth than the gray discolored teeth, it is concluded that gray discoloration has a better prognosis.\[[@ref2][@ref8]\]

The patient showed vertical cracks and enamel detachments on the buccal or lingual side of the primary teeth. Children with DI experience vertical enamel fractures leading to exposure of the soft underneath dentin and consequently premature severe attrition.\[[@ref4]\] Preserving the normal vertical dimension of these patients in primary and mixed dentition is only possible if the posterior teeth are completely covered by stainless steel crowns. As a result, all the existing posterior primary molars in this case were restored with stainless steel crowns.

The fully erupted first permanent molars in this patient exhibited hypoplastic enamel. Lindau *et al*.\[[@ref18]\] reported an anomaly in the structure of the enamel of patients suffering from DI. They found a more irregular pattern of enamel in affected primary teeth compared to permanent dentition. This may be due to insufficient mesenchymal--ectodermal induction during the amelogenesis procedure which may lead to DEJ irregularity and hypomineralization. However, they stated that the extent of the dental involvement in primary dentition seems not to be a major predictor for the severity of DI in permanent teeth and there is no association between the enamel morphology and a certain type of OI.\[[@ref18]\] Norgen and Malgren explained that permanent teeth of children with OI may display normal clinical and radiographic appearance but a histological defective dentin exists.\[[@ref4]\] These cases like ours showed permanent mandibular incisors with normal appearance.

As all posterior primary teeth had received full coverage treatment, the bulbous shape of the crown was not discernible. First permanent molars exhibited hypotrophic enamel and broad, large root canals. According to Schwartz and Tsipouras the rate of pulpal obliteration appears to be different in various types of OI.\[[@ref1]\] For instance, teeth in OI type III seem to show an accelerated pulp obliteration compared to other types.\[[@ref1]\] Pulpal obliteration may merely occur subsequent to root completion (2-4 years after tooth eruption); therefore it is possible that the root canal of the first permanent teeth in this case will become obliterated in the future.

Other dental anomalies such as ectopic eruption and missing (10%) are more common in OI.\[[@ref8]\] We found no missing or ectopic eruption in this case. However, at the time of evaluation the patient was too young to detect any ectopic eruption. Therefore, the patient was put on a regular recall.

Structural evaluations by means of a stereomicroscope revealed a periodic irregular dentinogenesis with abundant globular and interglobular calcifications throughout the dentin. A decline in the number, an increase in the diameter of dentinal tubules, and obvious dentin disorganization were observed. This was in line with the findings of Teixeira *et al*.\[[@ref9]\] However, Shafer reported a lower number of dentinal tubules with larger calibers.\[[@ref19]\] Rios *et al*. stated that while an absence of the tubules was present in all samples, the tubules diameters varied among different subjects with DI (either reduction or increase). This microscopic view was more prominent in circumpulpal dentin compared to mantle dentin.\[[@ref11]\]

The DEJ appeared to have an irregular scalloping and in some areas a straight smooth pattern in the examined dental sections. The disarrangement in the DEJ may be considered as a secondary effect of defective predentin in adequate induction of preameloblasts.\[[@ref18]\] Low wear resistance of affected teeth is related to the absence of DEJ scalloping described by Schwartz *et al*.\[[@ref1]\] However, the abnormal dentinal structure has been suggested to be the main reason for enamel breakage.\[[@ref20]\] Similarly, Levin noticed severe attrition in DI-affected teeth with a normal scalloping of DEJ.\[[@ref21]\] They concluded that the enamel detachments principally occurred because of the defective molecular collagen or some impaired matrix molecules.\[[@ref1]\] We observed numerous enamel disintegrations in anterior primary teeth, although a scalloping pattern of DEJ existed microscopically in several regions of these teeth.

CONCLUSION {#sec1-4}
==========

OI is a heritable systemic connective tissue disorder with DI as its dental counterpart. It is essential for clinicians to be familiar with different medical and oral aspects of OI. Children with OI should be examined as soon as teeth are erupted to prevent loss of tooth structure and seen frequently to restore any new enamel fracture and maintain their oral health.
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